We hypothesized that rectal stimulation and small volume enemas would accelerate normalization of stooling patterns in extremely low birth weight infants. STUDY DESIGN: In a randomized controlled trial, infants with a gestational age p28 weeks received one of the following: twice daily rectal stimulation and/or enemas until two stools were passed daily, without enemas or stimulation, for three consecutive days. Intervention only occurred when symptoms, abdominal distension and no defecation, occurred in the previous 24 h. Enema administration occurred if abdominal distension persisted without defecation occurring after rectal stimulation. Multivariable linear regression was used to determine the contribution of a patent ductus arteriosus (PDA) on normalization of stooling patterns and feeding tolerance. RESULT: Rectal stimulation and/or small volume enemas did not accelerate the median (quartile range) time normalization of stooling patterns, 13 (11-20) days in control group and 16 (12-25.5) days in intervention group. A higher frequency of PDA occurred in the intervention than the non-intervention group. Infants with a persistent PDA had a longer duration of parenteral nutrition, worse feeding tolerance and more days to achieve normal stooling patterns. In multivariable regression analysis, a PDA, not repeated rectal stimulation and/or enemas, was significantly related to stooling and feeding tolerance. CONCLUSION: Twice daily administration of rectal stimulation and/or enemas did not normalize stooling patterns (fecal frequency). A PDA is an important determinant of acquisition of normal stooling patterns and feeding tolerance of very immature newborns.
INTRODUCTION
Despite advances in neonatal intensive care, extrauterine growth restriction remains high in extremely low gestational age neonates. 1 Establishing enteral feeding is an important goal in the care of very low birth weight infants. Earlier full enteral feeding is associated with less postnatal growth failure.
In preterm infants, immature intestinal motility may lead to feeding intolerance. 2 Rapid meconium evacuation appears to be a key factor associated with feeding tolerance of extremely low birth weight (ELBW) infants during the first 14 days of life. 3 Daily administration of small volume enemas had no effect on total meconium evacuation defined by the time of last meconium passage. 4 Normalization of stooling patterns may be an important determinant of full enteral feeding of very immature infants. 5 To improve the timing of normalization of stooling patterns, ELBW infants may be frequently administered enemas. We hypothesized that rectal stimulation and small volume enemas would: (1) accelerate normalization of stooling patterns and (2) improve feeding tolerance in ELBW infants.
METHODS

Study design
The study design was an open randomized parallel controlled trial conducted within a level 3 neonatal unit in La Paz University Hospital in Madrid, Spain. Premature infants with a gestational age p28 weeks were eligible for inclusion in the study. Exclusion criteria were major congenital malformations and severe asphyxia. The study was approved by the La Paz University Hospital Research Ethics Committee. Written informed consent was obtained from the parents after full explanation of the procedure. Infants were randomly assigned to the intervention or control group. Randomization was carried out by a list of random numbers. Masking was unfeasible. An exploratory approach of 30 infants per group was planned.
Study groups
The intervention group was treated as follows: defecation was stimulated by twice daily enemas (10 ml kg À 1 saline) until the complete evacuation of meconium, and with rectal stimulation every 12 h twice daily thereafter. If the infant had not passed stools during the 8 h following the stimulation, an enema was administered. Rectal stimulation was applied via a single use catheter, 4 coated with vaseline as a lubricant before insertion into the rectum 1.5-2 cm. The enema was placed in a syringe, heated at 37 1C and applied via a catheter into the rectum in 2-3 ml aliquots. Control group: intervention was only administered when symptoms, abdominal distension and no defecation occurred in the previous 24 h; enema administration was performed if abdominal distension persisted and no defecation occurred after rectal stimulation. Standard departmental guidelines were followed with regard to ventilation, invasive monitoring and use of inotropes for both the intervention and the control groups.
Feeding schedule
During the study period, the same nutrition protocol was applied by the assigned neonatologists. Intravenous amino-acid infusion was started immediately after birth using 1.5 g kg À 1 per day and this was incremented to 3 g kg À 1 per day on the following 48 h. Intravenous lipid administration was begun at 1.5 g kg À 1 per day in the second day after birth, increasing to a goal of 3.0 g kg À 1 per day. Glucose infusion was begun at an initial rate of 5 mg kg
. The target for energy intake considering both parenteral and enteral routes was 116-131 kcal kg À 1 per day. Enteral feeding was started within 2 days of life, unless with hypotension that necessitated use of a vasopressor agent. The initial volume was 24 ml kg À 1 per day. Human milk feeding was encouraged. When the infants were stable, feeding volume was gradually advanced by 20 ml kg À 1 per day when gastric residuals did not exceed half of the current feeding volume. Feedings were withheld when there was hypotension, abdominal examination changes or when gastric residual volumes exceeded the current feeding volume. No pharmacological prophylaxis for patent ductus arteriosus (PDA) was used during the study period. A significant PDA was defined by a left atrium to aortic root ratio of 41.4 or a ductal diameter 41.5 mm with a left to right shunt. The medical management of a haemodynamically significant PDA includes fluid restriction and a dosing regimen of 10 mg kg À 1 of ibuprofen followed by 5 mg kg À 1 of ibuprofen 24 and 48 h later. The feeding practice during pharmacological PDA treatment was to reduce enteral feeding to a minimum, that is, 24 ml kg
per day. When feeding of 110 ml kg À 1 per day was achieved and human milk was available, an human milk fortifier was added. When enteral feeding reached 120 ml kg À 1 per day, intravenously administered amino acids and lipid were discontinued. Intravenous glucose was discontinued when glucose plasma levels were normal after careful tapering.
Whole gastrointestinal transit time was measured by timing the transit of the marker carmin red through the gastrointestinal tract on the seventh and twenty eighth day of life. Carmine red (50 mg) was given via a nasogastric tube over 1 min and the time recorded. At each subsequent diaper change, any feces were inspected for evidence of the dye. Whole gastrointestinal transit time was defined as the elapsed time between carmine red administration and its first appearance in the feces. To minimize any effect of circadian rhythm, carmine red was always given immediately after a feed as near to 0900 hours as possible. Diaper changes were at the discretion of the attending nurse, but were generally 3-4 hourly.
We diagnosed NEC using Bell's staging system (stage X2A). 6 Sepsis was defined as bacterial overgrowth on blood cultures in the presence of clinical deterioration. We defined chronic lung disease as a persistent oxygen requirement at 36 weeks' corrected gestational age. Factors related to the long-term outcome were documented, such as intraventricular hemorrage (grade X2) and retinopathy of prematurity (grade X1).
Statistical analysis
The primary study outcome was defined as the time when normal stooling patterns occured. Postnatal age at the time of a normal stooling pattern was defined as the third day when two stools passed each day without enemas or stimulation for three consecutive days. An exploratory study with a sample size of 60 infants was planned. A secondary outcome of the study was defined as feeding tolerance represented by the variable time to receive 120 ml kg À 1 per day (T-120). Data were analyzed with IBM SPSS Statistics version 19 (IBM, Armonk, NY, USA). We analyzed the data using multivariable linear regression analysis to estimate the contribution of the intervention and ductus arteriosus on the acquisition of a normal bowel habit and on age full enteral feeding was achieved (volumesX120 ml kg À 1 per day). Probability levels of o0.05 were considered significant.
RESULTS
Study population
Subjects were recruited between June 2009 and June 2010. Seventy-three babies were eligible during the study period (Figure 1 ). Thirteen infants were excluded: five infants because of parental refusal, one was not offered because investigators were not present, one infant suffered from severe asphyxia and died at 48 h of life, and six infants because of death, or because surgical intervention was anticipated to occur in the first week of life. Sixty preterm infants were included. Table 1 provides demographical and clinical features of the infants. Sex, birth weight, gestational age and severity of illness were similar between the two groups. A PDA was more frequently diagnosed in the intervention group. 
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Forty-nine babies completed the study (82%). Reasons for exiting the trial early included: NEC or isolate intestinal perforation (n ¼ 4), very severe illness (n ¼ 6) and parental request (n ¼ 1). Data on all babies who exited the trial early were included in the intention-to-treat analysis, the results of which are presented here. No differences were found between the two groups on the age of completed meconium passage or normalization of stooling patterns, the main outcome. Infants in the intervention group stayed longer on parenteral nutrition, required more days to achieve full enteral feeds than did infants in the control group and had lower weight z-scores at 36 weeks' corrected age. The effect of significant hemodynamic PDA on outcomes of the study has been evaluated for the whole population (Table 2 ). This data showed that full enteral feed and normalization of stooling patterns was significantly delayed in infants with significant PDA. In the multivariable linear regression analysis, ductus arteriosus, not repeated stimulation, remained significant on the normalization of stooling patterns and feeding tolerance (Table 3) .
DISCUSSION
Immaturity of intestinal motor mechanisms and related feeding tolerance is a common problem for preterm infants. This study investigated the effects of prophylactic regular rectal stimulation and small volume enemas on the normalization of stooling patterns and time to attain full enteral feeding in ELBW infants. No effect was found. PDA is one of most common complications of extremely preterm delivery, with 60-70% of preterm infants of o28 weeks' gestation receiving medical or surgical therapy for a PDA. 7 Restricted fluid intake significantly reduces the risks of PDA and may decrease the risk of necrotizing enterocolitis. 8 The effects of water and sodium administration rectally associated with the enemas on the risks of PDA and necrotizing enterocolitis are unlikely but cannot be ruled out.
One reason for the ineffectiveness of the intervention we used may be that subjects in the intervention group were more likely to be diagnosed of PDA. The median (quartile range) time of normalization of stooling patterns and full enteral feeds were significantly longer in neonates with significant PDA than in neonates with no PDA. Our findings that significant PDA influences full enteral feed in preterm are in accordance with previous reports. 9 Adverse effects of PDA and therapy for it, including ibuprofen, on intestinal perfusion may explain such results.
Our lack of effect of small volume enemas on the normalization of stooling patterns is consistent with those of Haiden et al., 4 who observed no effect of daily administration of small volume enemas on total meconium evacuation defined by the time of last meconium passage. Interestingly, a recent trial showed that regular glycerin suppositories did not reduce the time to full enteral feeding in infants born at o32 weeks' gestation. 10 To our knowledge, this is the first randomized controlled trial to investigate the impact of rectal stimulation and enemas on the time to acquire a normal stooling pattern. As the intervention was implemented for both genders, our results suggest that the entire range of ELBW infants do not benefit from using a stimulation program such as we used for the improvement of stooling patterns, and that this approach may be harmful. Impact of rectal stimulation and enemas on stooling patterns in ELBW M Sáenz de Pipaó n Marcos et al
